Purpose: The aim of this study was to examine the effects of reminders, encouragement, and educational messages delivered by mobile phone on shoulder exercise compliance and improvements in shoulder function among patients with a frozen shoulder. Design and Methods: A randomized controlled trial design was used. A convenience sample of patients with a frozen shoulder in an orthopedic outpatient clinic was recruited. All participants were instructed on how to do shoulder exercises and were provided with a printed pamphlet about shoulder exercises. Then, the intervention group received reminders, encouragement, and educational messages by mobile phone daily for the next 2 weeks, while the comparison group did not. Findings: The intervention group had higher compliance with shoulder exercises than did the comparison group (t = 2.263, p = .03) and had significant improvements in shoulder forward flexion (F = 12.067, p = .001), external rotation (F = 13.61, p = .001), and internal rotation (F = 5.903, p = .018) compared to those in the comparison group after the 2-week intervention.
sleep, and quality of life (Ding et al., 2014; Gupta, Raja, & Manikandan, 2008) .
Treatments of a frozen shoulder vary, but they can be classified as surgical and nonsurgical treatments (Itoi et al., 2016; Kelley et al., 2009) . Among nonsurgical treatments, one systematic review summarized that corticosteroid injections, therapeutic exercise, shoulder joint mobilization, and acupuncture might have benefits of reducing pain and improving shoulder functions (Barrett, de Burca, McCreesh, & Lewis, 2016) . In addition, a combination of corticosteroid injections with physiotherapy showed improvements in shoulder function or pain compared to corticosteroid injections alone, saline injections alone, saline injections with physiotherapy (Carette et al., 2003) , and a placebo (Maund et al., 2012) . These systematic review papers show that adding therapeutic exercise or physiotherapy to corticosteroid injections might produce better results of improving shoulder functions and pain. However, compliance with home-based exercises or physiotherapy among patients is low (Hardage et al., 2007; Lazo, Filipinas, & Valdez, 2003) , because patients are too busy or they experience pain. It is necessary for health professionals to develop strategies for patients to improve their compliance with exercise or physiotherapy.
Mobile phones and smartphones have become daily necessities and were found to be effective in changing individual behaviors and improving health outcomes (Hall, Cole-Lewis, & Bernhardt, 2015) . One systematic review revealed that text message reminders delivered by mobile phones can effectively increase outpatient attendance rates to healthcare appointments (Gurol-Urganci, de Jongh, Vodopivec-Jamsek, Atun, & Car, 2013) . Text messages also improved the compliance with medication for patients with chronic diseases (Khonsari et al., 2014; Park, Howie-Esquivel, Chung, & Dracup, 2014; Thakkar et al., 2016; Vervloet et al., 2012) . In addition to improving attendance rates and increasing compliance, mobile phone messaging had significant effects on weight control (Faghanipour, Hajikazemi, Nikpour, Shariatpanahi, & Hosseini, 2013; Joo & Kim, 2007; Lin et al., 2014) , diabetes control (Abbas, Fares, Jabbari, Dali, & Orifi, 2015; Celik et al., 2015) , and promoting exercise and physical activities in older adults (Kim & Glanz, 2013; Muller, Khoo, & Morris, 2016; Parker & Ellis, 2016) . One systematic review concluded that positive behavioral changes increased after mobile phone messaging interventions (Fjeldsoe, Marshall, & Miller, 2009) .
Those previous studies provide evidence that text messaging is effective in reminding patients to take medications or attend appointments, providing healthcare information, and changing behaviors, but effects on improving compliance with exercise have not been established. Therefore, the purpose of this study was to examine the effects of reminders, encouragement, and educational messages delivered by mobile phone on shoulder exercise compliance and shoulder functional improvements among patients with a frozen shoulder.
Methods

Design, Setting, and Sample
A randomized controlled trial design was employed. A convenience sample of patients with frozen shoulder in the orthopedic outpatient clinic at one medical center in northern Taiwan was recruited. The inclusion criteria were patients who (a) had an idiopathic frozen shoulder and had completed the first dose of a synthetic corticosteroid injection (triamcinolone acetate) 1 week previously, (b) were able to perform shoulder exercises, (c) could read Chinese, and (d) had a mobile phone. The exclusion criteria were patients who (a) had planned to have surgery to manage the frozen shoulder, and (b) had impaired cognitive function. Eligible participants were assigned a number based on the order of the time when they agreed to participate in the study. Thirty-three participants with odd numbers were randomly assigned to the intervention group, and 33 participants with even numbers were assigned to the comparison group. Ultimately, there were 32 participants remaining in the intervention group and 28 participants in the comparison group (Figure 1) , for an overall attrition rate of 9.1%.
Instruments
The instruments included a demographic and characteristics questionnaire, the Simple Shoulder Test (SST), a visual analog scale (VAS) for pain, a shoulder exercise self-reported form, active shoulder ROM measurements, and a satisfaction questionnaire.
The SST was developed by Lippitt, Harryman, and Matsen (1993) for assessing shoulder function of the affected side. There are 12 items with yes (score 1) or no (score 0) response options in the SST. Total scores were transformed into percentages and ranged from 0 to 100. A higher score indicates better shoulder function. To our best knowledge, the tool has no Chinese version, so the SST was translated into Chinese using forward and backward translations according to Jones, Lee, Phillips, Zhang, and Jaceldo's (2001) guidelines. The content validity was evaluated by seven experts, and the content validity index (CVI) was 0.975. Fifteen patients with shoulder disorders were invited to test the reliability, and Cronbach's alpha was 0.871. These 15 patients were not included in the main study. The VAS is widely used to measure the amount of pain experienced by an individual (McCormack, Horne, & Sheather, 1988) , and it is valid and reliable (Williamson & Hoggart, 2005) . The VAS uses a horizontal line 100 mm in length to represent the level of pain (0 on the left end, indicating no pain, and 100 on the right end, indicating the worst pain). Participants were asked to mark a point on the line they felt represented the degree of the pain they suffered. The distance between the left end of the line and the point marked by participants is the intensity of the pain they experienced. The score range of VAS is 0 to 100. A higher score indicates that participants experienced more pain.
The two-item shoulder exercise self-reporting form including "Did you do shoulder exercises today?" and "How long did you do the exercise?" was developed by the authors. Participants answered the questions every day until they came for the next follow-up session (for the third synthetic corticosteroid injection). If participants answered yes to doing the exercise and the duration of taking exercise was at least 10 min, it was counted as one exercise day. Shoulder exercise compliance was calculated as the total exercise days divided by total days between first day of the intervention and next follow-up session, multiplied by 100%.
The active shoulder ROM measurements recorded the degrees of participants' shoulder forward flexion, abduction, internal rotation (performed with the humerus abducted), and external rotation (performed with the humerus abducted) while the patient was standing. These ROMs were measured using a digital goniometer in a standing position by one research assistant in both the pre-and post-test.
A 15-item questionnaire on satisfaction with the intervention was also developed by the investigators and was collected at the post-test from the intervention group only. It was scored on a 5-point Likert scale (1 = not at all satisfied; 5 = completely satisfied). Scores range from 15 to 75. A higher score indicates greater satisfaction with the intervention.
Data Collection Procedures and Intervention
Baseline data were collected when a patient came to the outpatient clinic for the second synthetic corticosteroid injection. To increase patients' motivation to do the shoulder exercise, two simple effective stretching shoulder exercises (forward flexion and external rotation) suggested by one orthopedic physician were selected. During the clinic visit, the research assistant, who was trained by the physician, demonstrated the shoulder exercise to participants in both groups and also had the patient do the exercises to ensure that patients were doing the exercises correctly. Then, both groups were instructed to do these two exercises every day for 5 min each time after showering or after putting a hot compress on the shoulder until the next follow-up visit. They were also given a printed pamphlet illustrating these two shoulder exercises. Afterwards, the intervention group received the reminders, encouragement, and educational messages by mobile phone daily for the next 2 weeks. The 14 text messages were entered into the text message platform in advance and were sent automatically at 20:00 hours or at another time as preferred by the participants. The comparison group received no text messages. An example of text messages is presented in Table S1 (available with the online version of this article). Post-test data were collected when a participant came to the clinic for the third injection (about 2 weeks later). The data collection period was from September 2014 to March 2015.
Data Analysis
Data were analyzed using SPSS 19.0 (SPSS Inc., Chicago, IL, USA). The level of significance was set to .05. A descriptive analysis was conducted by computing the mean (M), standard deviation (SD), and percentage. A t test and chi-squared test (Fisher's exact test) were used to compare differences in the demographic and characteristics information. An analysis of covariance (ANCOVA) was performed to examine the effectiveness of the text message intervention. In the current study, the effect size (computed by selecting the ANCOVA analysis, with a power of 0.8, and an alpha of .05) was .44.
Ethical Considerations
This study was approved by the institutional review board (IRB) of one university (no. 201406032). The hospital's approval was also obtained. All participants signed an informed consent form before baseline data were collected. Participants' rights were protected by following the requirements of the IRB.
Results
Demographics, Characteristics, and Outcome Variables
The average age of patients was 57.5 (SD = 8.5) years, and 61.7% were female. The majority of patients were married (93.3%). Over half of patients had a high school education or less (53.3%), had no job (56.7%), were the responsible person for household tasks (51.7%), and had experience with shoulder injuries (56.7%). Thirty-eight (63.3%) patients did not engage in regular exercise, and those who did do regular exercise (36.7%) spent an average of 2 hours per week exercising. The majority of patients took no pain medications (80%) and received no physiotherapy (70%; Table 1 ).
There were no differences in demographic or characteristic variables, SST, VAS, or degrees of three shoulder ROMs (abduction, internal rotation, and external rotation) between the intervention group and comparison group at the baseline according to the t test and chi-squared (Fisher's exact test) analysis. However, the degree of shoulder forward flexion in the intervention group was more limited than that of the comparison group (t = −2.096, p = .04). Outcome variables of shoulder ROMs were calculated by the mean score change (the level of improvement of shoulder function), so differences in shoulder forward flexion between the intervention group and comparison group at the baseline would not affect the subsequent analysis.
Shoulder Exercise Compliance
After the intervention, shoulder exercise compliance (96.63%) in the intervention group was significantly higher than in the comparison group (85.2%; t = 2.263, p = .03).
Effect of Text Messages on Outcome Variables
An ANCOVA was used to examine the effectiveness of the text-based intervention. There were significant differences in improvements in the degrees of shoulder forward flexion ROM (F = 12.067, p = .001), external rotation ROM (F = 13.61, p = .001), and internal rotation ROM (F = 5.903, p = .018). However, there were no differences in the SST (F = 0.152, p = .698), VAS (F < .001, p = 0.994), or improvement in the degree of shoulder abduction ROM (F = 1.393, p = .243; Table 2 ). 
Satisfaction Level With the Text Intervention
The average score of the satisfaction level with the text intervention was 4.9 (SD = 0.24) out of 5, with a range of 4.84 to 4.97 points in the intervention group.
Discussion
Due to pain and adhesion of joints, patients with a frozen shoulder have limitations of shoulder ROMs. Rundquist et al. (2003) found that the degrees of flexion, abduction, external rotation (performed with the humerus abducted), and internal rotation (performed with the humerus abducted) were 116.9°± 22.1°, 98.4°± 25°, 33.5°± 15.5°, and 17.8°± 17.9°, respectively, among 10 patients with frozen shoulder. Another study also reported 122°± 8°, 105°± 13°, 32°± 16°, and 22°± 13°for those four degrees of ROM among 40 patients at baseline (Yang, Chang, Chen, & Lin, 2008) . Compared to the current study, the average degrees of the four ROMs (133.73°± 19.41°, 115.17°± 21.58°, 54.21°± 20.23°, and 33°± 14.91°, respectively) at baseline were greater (about 10°to 20°greater) than the degrees reported in Rundquist et al.'s and Yang et al.'s (2008) studies. The possible reason might be that participants had already received the first dose of synthetic corticosteroid injection treatment (only two patients had had steroid injections in Yang et al.'s study) and had come back for the second injection, so there might have already been slight improvements in pain and shoulder ROMs. In addition, a digital goniometer was used to measure the degree of the ROM in the current study, and it can measure the degree to the second decimal place, so the measurement data might have been more precise.
Compliance with shoulder exercises was significantly higher in the intervention group compared to the comparison group. This demonstrates that the reminders, encouragement, and educational text messages benefited patients' adherence to shoulder exercises. Although there are few studies on text-based interventions for exercise compliance, compliance with medication of patients with chronic diseases was found to increase after receiving text messages (Khonsari et al., 2014; Park et al., 2014; Thakkar et al., 2016) . Similarly, text messaging can effectively increase outpatient attendance rates for healthcare appointments (Gurol-Urganci et al., 2013) . Those studies implied that text messaging can serve as a reminder for patients to take their medicines or attend appointments. In addition, studies showed that text messages can promote older persons' exercise (Muller et al., 2016) and physical activity (Kim & Glanz, 2013; Parker & Ellis, 2016) .
Due to having higher compliance with shoulder exercises, patients' shoulder ROMs, including forward flexion (an increase of 19.96°), internal rotation (an increase of 28.04°), and external rotation (an increase of 22.13°), significantly improved in the intervention group compared to the comparison group. However, the SST and VAS showed no significance between the two groups. The possible reason might be that patients in the current study had received two steroid injections before doing the shoulder exercises and felt less pain, so both groups effectively improved, and the intervention group got less benefit from the text messaging. In addition, there was no significant effect on patient's abduction ROM between the two groups. The reason might be that the simple stretching exercise taught in the current study did not emphasize shoulder abduction exercises and abduction performance is not often used in patients' daily activities.
Although there was no significance found between the two groups, the degree of abduction showed greater improvement in the intervention group than the comparison group.
Echoing the conclusions of two systematic reviews (Fjeldsoe et al., 2009; Hall et al., 2015) , the current study also found that a mobile phone messaging intervention had short-term effects on changing patients' health behaviors, particularly on improving their compliance with shoulder exercise. This finding extends what is known about the impact of text messaging in promoting health behaviors. Through individual behavioral changes, health-related outcomes were found to be effective, such as regulated weight (Faghanipour et al., 2013; Joo & Kim, 2007; Lin et al., 2014) , controlled diabetes (Abbas et al., 2015; Celik et al., 2015) , less skin damage after behaviors related to sun protection (Robinson et al., 2014) , lower low-density lipoprotein cholesterol level, lower systolic blood pressure, lower body mass index, more physical activity, and reduced smoking (Chow et al., 2015) , as well as improved shoulder ROMs in the current study. In addition, patients in the intervention group were highly satisfied with this text-based intervention in the present study and also expressed their willingness to continue receiving similar messages in the future.
Study Limitations
A text-based intervention revealed short-term effects in the current study, but the long-term effects of the intervention need to be further investigated. In addition, the compliance report form was recorded by patients themselves, so it might not have exactly recorded patient's actual behaviors and might have over-or underestimated them. Future studies should consider better tools to record the frequency and duration of patients' exercise in order to measure compliance. Due to consideration of the popularity of smartphone use among patients, only text messages through mobile phones were sent in the current study. If smartphones become more popular in the future, one might consider sending text, audio, pictures, and videos instead of text-only messages to patients or use mobile-messaging applications such as WhatsApp, Line, Instagram, or Facebook Messenger to interact with patients. This will make the delivered messages more vivid, more interactive, and easier to understand.
Conclusions
Reminders, encouragement, and patient educational text messages significantly increased patient compliance with shoulder exercises and thus improved patients' shoulder ranges of motion. It is suggested that hospitals, clinics, and institutions can automatically send appropriate messages to patients via text message platforms in order to remind and encourage them to do shoulder exercises. Furthermore, this affordable, flexible, effective, and convenient delivery method can possibly be applied to other prescribed home-based exercise among patients with different kinds of diseases or conditions.
